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NIC KEL  TRAN SLO CA TION  FROM  SEED
DU RING  GER MI NA TION  AND  GROWTH
OF YOUNG MA  I  ZE PLANTS
AB STRACT:  Ef fect  of  dif fe rent  con cen tra ti ons  of  nic kel  (0,  10–5, 10–4, 10–3 and 10–2
mol Ni/dm3)  pre sent  at  the  ti me  of  ma i ze  seed  im bi bi tion,  on  con cen tra tion,  di stri bu tion  and 
nic kel  ac cu mu la tion  co ef fi ci ent  in  the  ro ot  and  the  sho ot,  bi o lo gi cal  va lue  of  the  seed  and
growth of young plants was in  ve  sti  ga  ted. It was fo  und that du  ring ger  mi  na  tion the nic  kel
from the seed is in  ten  si  vely tran  slo  ca  ted to the ro  ot and sho  ot of young plants. With in  -
crease  of  ap plied  con cen tra ti ons  of  nic kel,  its  con cen tra tion  in  the  ro ot  and  sho ot  in cre a sed
as  well.  Nic kel  con cen tra tion  and  ac cu mu la tion  co ef fi ci ent  were  hig her  in  the  ro ot  than  in
the sho  ot except at the hig  hest ap  plied con  cen  tra  tion when the re  sult was op  po  si  te. The
highest  ap plied  con cen tra tion  of  nic kel  in cre a sed  per cen ta ge  of  atypi cal  se e dlings  and
non-ger mi na ted  se eds  and  dec re a sed  per cen ta ge  of  typi cal  se e dlings,  ger mi na tion  energy
and seed ger  mi  na  tion abi  lity. Nic  kel im  ple  men  ta  tion did not af  fect the growth and mass of
the sho  ot. Ro  ot mass and length of the pri  mary ro  ot dec  re  a  sed at the hig  hest con  cen  tra  tion
of nic  kel, which led to chan  ge in sho  ot and ro  ot mass ra  tio.
Ba  sed on the ob  ta  i  ned re  sults it can be con  clu  ded that only the hig  hest ap  plied nic  kel 
con  cen  tra  tion af  fec  ted the bi  o  lo  gi  cal va  lue of the seed and the growth of young ma  i  ze
plants,  re gar dless  of  its  in ten si ve  ac cu mu la tion  in  the  ro ot  and  the  sho ot,  which  in di ca tes  a
sig  ni  fi  cant to  le  ran  ce of ma  i  ze in ini  tial pha  ses of growth to pre  sen  ce of high nic  kel con  cen  -
tra tion.  In ten si ve  tran slo ca tion  of  nic kel  du ring  ger mi na tion  in to  newly  for med  or gans
points to its good mo  bi  lity and po  ten  tial pos  si  bi  lity to en  ter the food chain from a con  ta  mi  -
na ted  seed.
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IN TRO DUC TION
Nic  kel (Ni) is widespread in the bi  osp  he  re (Ka ba ta-Pen di as and
Pen dias, 2000). Di  sco  very of nic  kel be  ing the me  tal com  po  nent of the
enzyme  ure a se  (Dixon et al., 1975) and widespread in the plant world
(Welch, 1981, Po  lacco, 1997), that bac  te  ria require Ni for the synthe  sis
of  nic kel  hydro ge na se(s),  of  nic kel-con ta i ning  car bon  monoxide  dehygro ge na -
17se(s), of methyl-CoM re  duc  ta  se and ure  a  se (An kel-Fuchs and Tha  uer, 
1988,  Ma i er et al., 1990), in  ten  si  fied re  se  arch re  la  ted to the ro  le of Ni in
life pro  ces  ses of hig  her plants. In the 1970's but al  so ear  li  er, nu  me  ro  us pa  pers
were pu  blis  hed that pro  ve fa  vo  ra  ble ef  fect of Ni on plant growth and me  ta  -
bolism (Ka sto ri and  Pe tro viã, 1976). However, it was only re  cently
that its ne  ces  sity for nu  me  ro  us or  ga  nisms was con  fir  med, which led to in  clu  -
ding  Ni  in  es sen tial,  bi o ge ne  mic ro e le ments  (Eskew et al., 1983, Chec  -
kai et al., 1986, Brown et al., 1987, An  kel-Fuchs and Tha  ure, 1988,
Marschner, 1995).
Hig her  con cen tra ti ons  of  Ni,  li ke  ot her  he avy  me tals,  ha ve  toxic  ef fect  on 
plants (As her 1991,  Se re gin and  Koz hev ni kova, 2006). Nic  kel
be  ca  me a sig  ni  fi  cant pol  lu  tant. In crop plants the  re is much mo  re con  cern
about Ni con  ta  mi  na  tion and toxicity. The ap  pli  ca  tion of sewage slud  ge which
is of  ten high in Ni (Brown et al., 1989) and cer  tain phosp  ha  te fer  ti  li  zers
also  may  by  im por tant  so ur ces  of  Ni.  An thro po ge nic  so ur ces  of  Ni,  in du strial
ac ti vity  (me tal  pro ces sing  ope ra ti ons,  com bu stion  of  coal  and  oil)  in  par ti cu lar, 
ha ve  re sul ted  in  sig ni fi cant  in cre a se  of  Ni  con tent  in  so ils  (Ka ba ta-Pen -
di as and Pen  dias, 2000). In na  tu  ral con  di  ti  ons, Ni toxicity ap  pe  ars in
soils rich in Ni that ori  gi  na  ted on ser  pen  ti  ne as pa  rent rock. Nic  kel is re  a  dily
mo  bi  le in the xylem and phlo  em (Koc hian, 1991) and so  me plant spe  ci  es
sig ni fi cantly  tran slo ca te  Ni  in to  the  seed  (Pe tro viã and Ka  stori, 1979,
Pe tro viã and Ka  stori, 1994). Many en  vi  ron  men  tal stres  ses (e.g. mi  ne  -
ral  toxicities,  soil  aci dity,  nu tri ent  de fi ci en ci es  etc.)  can  di rectly  or  in di rectly
in flu en ce  seed  de ve lop ment  in clu ding  seed  vi gor  and  vi a bi lity  (Welch, 1999).
The  aim  of  this  re se arch  was  to  in ve sti ga te  the  in flu en ce  of  Ni  con ta mi na tion
of the seed on bi  o  lo  gi  cal pro  per  ti  es of the seed, as well as tran  slo  ca  tion of Ni
from the seed du  ring ger  mi  na  tion in  to the ro  ot and the sho  ot of young ma  i  ze
plants.
MA TE RI ALS  AND  MET HODS
The experiment was car  ried out on a ma  i  ze hybrid NS 7016 seed. Nic  kel
tre  at  ment was per  for  med by so  a  king the ma  i  ze seed in Ni  SO4 so  lu  tion. It was
pre vi o usly  de ter mi ned  that  at  the  tem pe ra tu re  of  22°C  a  seed  so a ked  du ring
24 h con  ta  ins 37% of water and that af  ter that pe  riod the  re is no sta  ti  sti  cally sig  -
ni  fi  cant in  cre  a  se of water con  tent in the seed. In or  der to ger  mi  na  te, the seed
ne  eds abo  ut 30% of water. In the co  ur  se of the experiment, ef  fect of fi  ve tre  at  -
ments  was  in ve sti ga ted,  the  seed  was  so a ked  in:  0  (con trol,  de i o ni zed  water),
10–5, 10–4, 10–3 and 10–2 mol Ni/dm3. The experiment was set up in fi  ve re  pli  -
ca  ti  ons. Af  ter the tre  at  ment, the seed was rin  sed with de  i  o  ni  zed water. Than it
was  de ter mi ned  the  bi o lo gi cal  va lue  of  the  seed  ac cor ding  to  stan dard  pro ce -
dure pu  blis  hed in Slu  ÿbe  ni list SFRJ 47/87 (Of  fi  cial Ga  zet  te of SFRY). It was
in ve sti ga ted:  ger mi na tion  energy,  seed  ger mi na tion  abi lity,  re pre sen ta tion  of
typi cal  and  atypi cal  se e dlings  and  the  per cen ta ge  of  non-ger mi na ted  se eds.  Af ter
se  ven days it was me  a  su  red the length of the sho  ot, of the pri  mary ro  ot and
the me  so  co  ti  le ro  ot at 20 plants. It was de  ter  mi  ned the mass of the dry mat  ter
of the ro  ot and the sho  ot af  ter drying the plant ma  te  rial to con  stant mass.
18In the ho  mo  ge  ni  zed dry plant ma  te  rial of the sho  ot and the ro  ot it was
de ter mi ned  the  con cen tra tion  of  Ni  and  ot her  mi ne ral  mat ter  af ter  di ge stion  in
cc HNO3 + cc H2O2.  Ele ment  con cen tra tion  was  de ter mi ned  using  ICP.  Ba sed
on  re sults  of  che mi cal  analysis  the re  were  de ter mi ned  the  con cen tra tion,  di stri -
bu tion  and  ac cu mu la tion  co ef fi ci ent  of  Ni,  as  well  as  con cen tra tion  of  so me
mac ro-  and  mic ro e le ments  in  the  sho ot  and  the  ro ot.  Ac cu mu la tion  co ef fi ci ent
of Ni was cal  cu  la  ted from the dif  fe  ren  ce in Ni con  cen  tra  tion between the tre  at  -
ment and the con  trol.
The  re sults  were  sta ti sti cally  pro ces sed  by  cal cu la ting  the  smal lest  sig ni fi -
cant  dif fe ren ce  between  arit hme tic  me ans.
RE SULTS  AND  DI SCUS SION
Re  sults on Ni con  cen  tra  tion in the seed in  di  ca  te that Ni ions pass with,
mo  re or less, no ob  struc  tion thro  ugh the te  sta and the se  mi  per  me  a  ble cell
mem  bra  ne of the seed and that in re  la  ti  vely short ti  me they are in all parts of
the seed, to which po  ints the  ir in  ten  si  ve ac  cu  mu  la  tion in young plants (Tab. 1).
Cer  tain parts of the seed do not ab  sorb water, which is pro  bably why they do
not ab  sorb Ni at the sa  me in  ten  sity. The germ ab  sorbs water 2—3 ti  mes mo  re
in ten si vely  than  the  en do sperm  (Ka sto ri, 1984), which pro  bably con  tri  bu  ted 
to sig  ni  fi  cant Ni ac  cu  mu  la  tion in the ro  ot and the sho  ot of young plants. At
lower ap  plied con  cen  tra  ti  ons, the Ni con  cen  tra  tion was hig  her in the ro  ot than
in the sho  ot, while at the hig  hest ap  plied con  cen  tra  tion it was vi  ce ver  sa. Du  -
ring  ger mi na tion,  pro ducts  of  or ga nic  mat ter  de com po si tion  of  the  seed,  as
well as mi  ne  ral mat  ter, partly de  fund in  to the en  vi  ron  ment. Pro  bably a part of
Ni ta  ken up by the seed got in  to the en  vi  ron  ment which ena  bled the ro  ot to
up  ta  ke it, which re  flec  ted on its hig  her con  cen  tra  tion at lower ap  plied con  cen  -
tra  ti  ons of Ni. With ap  pe  a  ran  ce of sho  ot and tran  spi  ra  tion with it, the ascen  -
ding tran  sport of Ni was pro  bably in  du  ced, espe  ci  ally at the hig  hest ap  plied
con  cen  tra  tion of Ni, which par  ti  ally explains its hig  her con  cen  tra  tion in the
sho ot  than  in  the  ro ot.  Ac cu mu la tion  co ef fi ci ent  which  in di ca tes  the  in ten sity
of  in cre a se  of  Ni  con cen tra tion  with  the  in cre a se  of  ap plied  Ni  con cen tra tion
was hig  her in the sho  ot than in the ro  ot only when applying the hig  hest con  -
cen tra tion  of  Ni.  Ac cor ding  to Ci e slin ski et al. (1996) at a hig  her con  -
cen  tra  tion of cad  mi  um in the soil, out of the to  tal up  ta  ken quantity of cad  mi  -
um  a  re la ti vely  smal ler  quantity  is  be ing  tran slo ca ted  in to  abo ve-gro und  or gans 
than at lower con  cen  tra  ti  ons, which they explain as a cer  tain form of pro  tec  -
tion mec  ha  nism. On the con  trary, our re  se  arch re  sults po  int to a re  la  ti  vely
more in  ten  si  ve tran  slo  ca  tion of Ni to the sho  ot at a hig  her ap  plied con  cen  tra  -
tion.  In ten si ve  mo bi li za tion  of  Ni  from  the  seed  du ring  ger mi na tion  and  de ve -
lop  ment of a young plant in  to newly-for  med or  gans con  firms ear  li  er fin  dings
abo  ut good mo  bi  lity of Ni in the plant phlo  em and xylem (Pe tro viã and
Ka sto ri, 1979, Ne u mann and Cha mel, 1986, Yang et al., 1996,
Pa ge and Fel ler, 2005).
19Tab.  1  —  Con cen tra tion,  di stri bu tion  and  ac cu mu la tion  co ef fi ci ent  of  Ni  in  young  ma i ze  plants
tre a ted  with  Ni
Organ
Treatment (mol Ni/dm3)
0 10–5 10–4 10–3 10–2
Concentration (mg/g DM)
Shoot 4.89  6.90** 10.09** 41.36** 148.85**
Root 4.17 46.35** 52.77** 70.74** 110.29**
Distribution (%)
Shoot 46.88 10.43 12.71 32.04 54.83
Root 53.12 89.57 87.29 67.96 46.17
Accumulation coefficient
Shoot 0.00 1.41  2.06   8.45** 30.43**
Root 0.00 11.11** 12.65** 16.69** 26.45**
Seed  quality,  vi gor  and  vi a bi lity  are  im por tant  cha rac te ri stics  in flu en cing
se e dling  esta blis hment,  crop  growth,  and  pro duc ti vity  (Te Krony and Egli ,
1991).  Only  the  hig hest  ap plied  con cen tra tion  of  Ni  af fec ted  bi o lo gi cal  va lue
of the seed (Tab. 2), which con  firms fin  dings of  Se re gin and Koz  hev  -
ni ko va (2005) of gre  at plant to  le  ran  ce to high Ni con  cen  tra  tion in the ger  -
mi na tion  pha se.  Ap pli an ce  of  the  hig hest  Ni  con cen tra tion  has  sig ni fi cantly
dec re a sed  ger mi na tion  abi lity,  ger mi na tion  energy  and  per cen ta ge  of  typi cal
se e dlings  and  in cre a sed  per cen ta ge  of  atypi cal  se e dlings  and  non-ger mi na ted
seed.  Ni et ham mer (1930) was one of the first to ob  ser  ve that Ni af  fects
the  seed  ger mi na tion.  He  esta blis hed  that  lower  con cen tra ti ons  (0.1%  so lu -
tions) had sti  mu  lant ef  fect, and hig  her (0.5 to 1.0%) had in  hi  bi  tory ef  fect.
Among the in  ve  sti  ga  ted salts, the lowest toxicity was shown by Ni  SO4 and the 
hig  hest by Ni (NO3)2. Ef  fect of Ni on ger  mi  na  tion thus de  pen  ded on con  cen  -
tra  tion and type of the salt. It was al  so ob  ser  ved that a young seed, with well
pre  ser  ved vi  a  bi  lity, re  acts dif  fe  rently to Ni than an old seed ha  ving par  ti  ally
da ma ged  ger mi na tion  abi lity.  Na mely,  Ni  con cen tra ti ons  that  in du ced  in hi bi -
tion at a young, vi  tal seed had no ef  fect on an old seed or they even in  cre  a  sed
ger mi na tion  abi lity.  Al so  la ter,  a  lar ge  num ber  of  aut hors  in ve sti ga ted  the  in -
flu en ce  of  Ni  on  ger mi na tion  and  seed  ger mi na tion  abi lity,  and  the  ob ta i ned
re sults  were  of ten  con tra dic tory  (Ka sto ri and  Pe tro viã , 1976). Brown
et al. (1987) sta  te that im  bi  bi  tion with 1 mM Ni  SO4 did not im  pro  ve the per  -
cent ger  mi  na  tion of bar  ley grain, sug  ge  sting that the ava  i  la  bi  lity of Ni for es  -
sen  tial pro  ces  ses in the grain is not li  mi  ting ger  mi  na  tion. However, the  re is the 
pos si bi lity  that  Ni  in  the  im bi bi tion  tre at ment  was  not  ava i la ble  for  up ta ke  by
the em  bryo. The men  ti  o  ned aut  hors ha  ve con  clu  ded, ba  sed on re  sults of the  ir
own re  se  arch which showed that plants grown with l mM Ni and nu  tri  ent so  -
lu tion  pro du ced  grain  with  bet ter  ger mi na tion,  vi gor  and  vi a bi lity,  and  ot her
aut  hors' re  sults, con  clu  ded that Ni is required for nor  mal grain de  ve  lop  ment,
ma tu ra tion  and  plant  se ne scen ce. Brown et al. (1987) sta  te that without
adequate Ni supply, ma  ter  nal bar  ley plants de  ve  lo  ped non  vi  a  ble grain that did
not ger  mi  na  te upon im  bi  bi  tion. The exact me  ta  bo  lic ro  le of Ni in seed ger  mi  -
na  tion is not known. It can be as  su  med that Ni af  fects the uti  li  za  tion of ni  tro  -
20gen sto  red in com  po  unds in the seed du  ring the  ir ca  ta  bo  lism upon ger  mi  na  tion 
be  ca  u  se Ni is an es  sen  tial com  po  nent of the enzyme ure  a  se (Welch, 1999).
Consequently a question ari  ses at which extent is the ni  tro  gen in the seed of
small gra  ins pre  sent in the form of ure  i  des. It is ob  vi  o  us that the ef  fect of Ni
on seed ger  mi  na  tion de  pends on a lar  ger num  ber of fac  tors: con  cen  tra  tion,
met  hod of use and Ni en  ric  hment of the seed, plant spe  ci  es, seed ma  tu  rity etc.
which co  uld explain of  ten con  trary re  sults abo  ut this ele  ment's ef  fect on bi  o  lo  -
gi cal  pro per ti es  of  the  seed.
Tab.  2  —  Ef fect  of  dif fe rent  Ni  tre at ments  on  bi o lo gi cal  pro per ti es  of  ma i ze  se eds  and  se e dlings
Parameters
Treatment (mol Ni/dm3)
0 10–5 10–4 10–3 10–2
Typical seedlings (%) 83.50 83.75 84.00 83.25 27.50**
Atypical seedlings (%) 10.75  9.50 10.75 13.00 25.25**
Non-germinated seed (%)  5.75  6.75  5.25  3.75 47.25**
Germination energy (%) 81.75 82.25 82.50 80.75 20.00**
Germination ability (%) 83.50 83.75 84.00 83.25 27.50**
Usa ge  of  dif fe rent  Ni  con cen tra ti ons  did  not  sig ni fi cantly  af fect  the  growth
and mass of the sho  ot (Tab. 3). Hig  her Ni con  cen  tra  ti  ons dec  re  a  sed growth of
the pri  mary ro  ot, ro  ot mass and in  cre  a  sed sho  ot/ro  ot dry mass ra  tio, which
sug gests  that  the  un fa vo ra ble  ef fect  of  hig her  Ni  con cen tra ti ons  af fec ted  mo re
growth and de  ve  lop  ment of the ro  ot system than of the sho  ot, even the Ni
con  cen  tra  tion be  ing hig  her in the sho  ot than in the ro  ot at the hig  hest ap  plied
Ni  con cen tra tion.  This  con tra dicts  the  sta te ment  of  Se re gin et al. (2003)
who po  int out that the growth of or  gans where Ni is mo  re ac  cu  mu  la  ted is
being mo  re in  ten  si  vely in  hi  bi  ted than the growth of or  gans where the ac  cu  mu  -
la  tion of Ni is lower. It is re  a  so  na  ble to as  su  me that the ef  fect of toxic con  cen  -
tra  ti  ons of an ele  ment on growth de  pends al  so on the length of the tre  at  ment.
In our ca  se it was short, which can pro  bably par  ti  ally explain no in  hi  bi  tion of
the sho  ot growth. Sig  ni  fi  cant dec  re  a  se in the ro  ot growth at young ma  i  ze
plants in the pre  sen  ce of Ni was al  so esta  blis  hed by  Mak si mo viã et al.
(2007).
The  cri ti cal  toxic  le vel  of  Ni  in  sen si ti ve  cul ti va ted  spe ci es  is  10  mg/g of
dry mat  ter and 50 mg/g  of  dry  mat ter  in  mo de ra tely  sen si ti ve  spe ci es  (As her, 
1991). Ni con  cen  tra  tion in the sho  ot and the ro  ot when applying the hig  hest
in ve sti ga ted  con cen tra tion  of  Ni  was  sig ni fi cantly  abo ve  men ti o ned  va lu es,
which con  firm the fin  dings of  Se re gin  (2005)  abo ut  in cre a sed  to le ran ce  of 
plants to sur  plus of Ni du  ring ger  mi  na  tion. Toxic con  cen  tra  ti  ons of Ni af  fect
pho tosynthe sis  (Singh et al., 1989), as well as the fun  ction of cell mem  bra  -
nes and the water re  gi  me (Lla mas et al., 2008), they dec  re  a  se the chlo  -
rophyll  con tent,  water  po ten tial  and  tran spi ra tion  (Pan dey and Sharma,
2002) and they af  fect the con  cen  tra  tion and di  stri  bu  tion of ele  ments (Pe tro -
viã et al., 1998, Ilin and Ka  stori, 1999). Kao and Lin (2005) sta  te
that the toxic con  cen  tra  tion of Ni in  cre  a  ses peroxidase ac  ti  vity, which ca  u  ses
in  hi  bi  tion of synthe  sis of cel  lu  lo  se and lig  nin, com  po  nents of the cell wall, and 
thus dec  re  a  ses its thic  kness or even di  sa  bles nor  mal for  ming of the cell wall
21which pre  vents cell elon  ga  tion. L'Hu il ler et al. (1996) sta  te that un  fa  vo  -
rable ef  fect of hig  her Ni con  cen  tra  ti  ons on the plant growth can, among ot  her,
be at  tri  bu  ted to its in  flu  en  ce on cell di  vi  sion. Fin  dings of the  se aut  hors can
explain in  hi  bi  tion of the ro  ot growth and, par  ti  ally, of the sho  ot at the hig  hest
con cen tra tion  Ni  tre at ment.
Tab. 3 — Ef  fect of dif  fe  rent Ni tre  at  ments on growth and dry mass of young ma  i  ze plants
Parameters
Treatment Ni (mol/dm3)
0 10–5 10–4 10–3 10–2
Shoot length (cm)  6.89  6.42  6.75  7.08  6.19
Primary root length (cm) 11.84 10.88 11.63  10.29*  10.42*
Mesocotile root length (cm)  8.97  8.86  9.08  9.13  8.46
Shoot dry mass (mg/plant) 24.00 22.70 22.90 25.80 23.96
Root dry mass (mg/plant) 31.70 30.10 29.70 32.10 26.63
Shoot dry mass / root dry mass  0.75  0.75  0.77  0.80  0.90
Tran slo ca tion  of  so me  mac ro-  and  mic ro  ele ments  was  in ve sti ga ted,  from
the seed to the sho  ot and the ro  ot, du  ring the growth of young plants at a
non-tre a ted  seed  (Tab.  4).  Tran slo ca tion  of  the  in ve sti ga ted  ele ments  from  the
seed du  ring ger  mi  na  tion in  to the sho  ot and the ro  ot va  ried. In the sho  ots, P, K
and B ac  cu  mu  la  ted mo  re in  ten  si  vely, S, Mg, Ca, Fe, Mn, Mo and Al in the
root, while ac  cu  mu  la  tion of Zn and Cu was approximately even. Ge  ne  rally, it
can  be  said  that  tran slo ca tion  of  mi ne ral  mat ter  du ring  ma i ze  seed  ger mi na tion 
is mo  re in  ten  se in  to the ro  ot than in  to the sho  ot.
Tab.  4  —  Tran slo ca tion  of  mac ro-  and  mic ro e le ments  du ring  ma i ze  seed  ger mi na tion
Organ
Macronutrients (mg/100 g DM)
P K S Mg Ca
Shoot 672.25 1062.50  47.22 159.10 176.50
Root 451.31  885.28 112.83 245.23 987.95
Micronutrients (mg/g DM)
Fe Zn Cu Mn Mo Al B
Shoot  29.33 7.27 0.50 2.54 0.05  9.19 1.05
Root 247.30 7.24 0.46 6.84 0.10 99.49 0.64
Ob  ta  i  ned re  sults show that due to in  ten  si  ve mo  bi  li  za  tion of Ni in the seed 
du  ring ger  mi  na  tion and its tran  slo  ca  tion in  to the ro  ot and the sho  ot, the  re is a
gre  at pos  si  bi  lity of Ni en  te  ring the food chain from the con  ta  mi  na  ted seed,
which espe  ci  ally has to be ta  ken in  to ac  co  unt when pro  du  cing or  ga  nic food.
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24TRAN SLO KA CI JA  NI KLA  IZ  SE ME NA  U  TO KU  KLI JA WA
I  RAST  MLA DIH  BI QA KA  KU KU RU ZA
Oto  T.  Do rog ha zi,  Ru dolf  R.  Ka sto ri,  Iva na  V.  Mak si mo viã
Po qo pri vred ni  fa kul tet,  Trg  D.  Ob ra do vi ãa  8,  21000  No vi  Sad,  Sr bi ja
Re zi me
Is pi ti va no  je  dej stvo  bu bre wa  se me na  ku ku ru za  u  ras tvo ri ma  raz li åi tih
kon cen tra ci ja  ni kla  (0,  10–5, 10–4, 10–3 i 10–2 mol Ni/dm3)  na  sa dr ÿaj,  di stri bu -
ci ju  i  ko e fi ci jent  aku mu la ci je  ni kla  u  ko re nu  i  iz dan ku,  bi o lo šku  vred nost
se  me  na i rast mla  dih bi  qa  ka. Utvr  ðe  no je da se ni  kal iz se  me  na u to  ku kli  ja  wa
in ten ziv no  tran slo ci ra  u  ko ren  i  iz da nak  mla dih  bi qa ka.  Sa  po ve ãa wem  pri -
me we ne  kon cen tra ci je  ni kla  zna åaj no  se  po ve ãao  we gov  sa dr ÿaj  u  iz dan ku  i  ko -
re nu.  Sa dr ÿaj  ni kla  i  ko e fi ci jent  aku mu la ci je  bi li  su  ve ãi  u  ko re nu  ne go  u
iz dan ku,  iz u zev  kod  naj ve ãe  pri me we ne  kon cen tra ci je,  gde  je  bi lo  obr nu to.  Naj -
ve ãa  pri me we na  kon cen tra ci ja  ni kla  po ve ãa la  je  udeo  ati piå nih  po ni ka  i  ne -
pro kli ja log  se me na  i  sma wi la  udeo  ti piå nih  po ni ka,  ener gi ju  kli ja wa  i  kli ja -
vost  se me na.  Na  rast  i  ma su  iz dan ka  pri me na  ni kla  ni je  uti ca la.  Ma sa  ko re na  i 
du ÿi na  pri mar nog  ko re na  se  sma wi la  pri  upo tre bi  naj ve ãe  kon cen tra ci je  ni -
kla,  što  je  do ve lo  do  pro me ne  od no sa  ma se  iz dan ka  i  ko re na.
Na  osno vu  do bi je nih  re zul ta ta  mo ÿe  se  za kqu åi ti  da  je  sa mo  naj ve ãa  pri -
me we na  kon cen tra ci ja  ni kla  uti ca la  na  bi lo šku  vred nost  se me na  i  rast  mla -
dih  bi qa ka  ku ku ru za  i  po red  we go vog  in ten ziv nog  na ku pqa wa  u  ko re nu  i  iz dan -
ku,  što  uka zu je  na  zna åaj nu  to le rant nost  ku ku ru za  u  po ået nim  fa za ma  ra sta  na
pri su stvo  vi so ke  kon cen tra ci je  ni kla.  In ten ziv na  tran slo ka ci ja  ni kla  u  to ku
kli ja wa  u  no vo for mi ra ne  or ga ne  uka zu je  na  we go vu  do bru  po kre tqi vost  i  po ten -
ci jal nu  mo guã nost  da  iz  kon ta mi ni ra nog  se me na  ula zi  u  la nac  is hra ne.
25